SUMMARY A sensitivity to dietary cereal has been reported previously in niacin-deficient rats by measuring a change in the intestinal absorption of radioactively-labelled cellobiotol and mannitol. The possibility that other stimuli could produce this sensitivity, the range of cereals that could induce the permeability change and the nature of the toxic component 
Niacin-deficient rats fed a diet containing maize show an increased intestinal absorption of dietary macromolecules.' In the absence of cereal or with rats having adequate niacin status this permeability change is not observed. Hence it is postulated that niacin deficiency sensitises the intestinal mucosal cells to dietary maize which then induces the permeability defect.
To test this hypothesis and to determine whether sensitivity to maize occurs only in niacin deficiency, other procedures for producing experimental enteropathy have been sought. Triparanol, an inhibitor of cholesterol synthesis, can induce malabsorption in man2 and mucosal cell damage in rats.3 4 In one study, this cellular damage was associated with impaired glucose absorption but only when the rats were fed dietary gluten.5 In another report, malabsorption of galactose in triparanol-treated rats occurred regardless of the presence of gluten in the diet. 6 The possibility that triparanol might sensitise the intestinal mucosa, to dietary cereals in a similar manner to niacin deficiency has now been investigated. Mucosal permeability was here monitored by a sensitive, labelled sugar absorption test devised for rats.7 In this way the specificity of the sensitising agent, the range of cereals able to induce the permeability defect, and the nature of the noxious cereal factor were all explored. concentrations of 10% (w/w). These diets were fed to rats which then underwent triparanol treatment and intestinal permeability assessment as before.
Wheat gluten was also digested with pepsin and trypsin; ' the hydrolysis products were incorporated into the non-cereal diet and their ability to alter intestinal permeability was tested in rats with triparanol-induced enteropathy.
Results
Treatment with triparanol caused cessation of growth but the rats appeared otherwise to be in healthy condition. Histologically the intestinal mucosa showed minimal change with some jejunal and ileal villi in section being swollen and club-like and slightly reduced in length. Likewise the niacindeficient rats had retarded growth and the histological appearance of the small intestine resembled that of the triparanol-treated rats.
Intestinal absorption of [3H]-cellobiotol and [14C]-mannitol by the control rats was similar for all the cereal and the two non-cereal diets, and there was no significant difference in the 5 h urinary 3H/14C ratio between any of them ( Table 1) . Similarly the triparanol-treated rats on the non-cereal casein diet also showed no evidence of altered mucosal permeability. When triparanol treatment was combined with a cereal diet, however, there was an increased excretion of [3H1-cellobiotol and a (Table 1) . Nevertheless, this response was not uniform for all the cereal diets. The 3H/14C ratio change was highest with the wheat diet and lowest with the maize diet and the differences between wheat compared with maize, oats, and the noncereal diet were all statistically significant (p<0.001). A notable exception to this cereal effect was found with rice which caused no change in the 3H/14C excretion ratio in triparanol-treated rats.
Similarly, the non-cereal soybean diet had no effect on the absorption of [3H]-cellobiotol and [14C]-mannitol. The specificity of triparanol as the sensitising factor in these experiments was indicated by the absence of change in intestinal permeability in control rats dosed with arachis oil carrier only. The effect of varying the dose of triparanol on intestinal permeability was investigated in rats fed a maize diet (Table 2 ). At the lowest dose level of 5 mg/kg, no change was observed in the 3H/'4C excretion ratio whereas at 50 mg/kg and 150 mg/kg this ratio increased significantly. Because the highest dose rate caused a greater change in the 3H/'4C ratio in urine than the rate of 50 mg/kg used previously to induce enteropathy,5 6 in subsequent experiments triparanol was given at approximately 150 mg/kg.
To characterise further the development of both the triparanol and the cereal effects, the labelled sugar absorption test was performed daily on two sets of rats after initial exposure to these agents. For rats on the 20% wheat diet, an increase in the 3H/14C ratio was found 24 hours after the first dose of triparanol (Table 3 ). The ratio increased on subsequent days reaching a maximum difference from control rats after five days of triparanol treatment. When treatment was stopped the Values for 5 h urine radioactivity are means ±SEM.
t Significantly different from the value before giving triparanol (p<o0Ol).
permeability defect remained apparent for three to four days, after which absorption of the labelled sugars returned to the control level.
A second set of rats on the non-cereal casein diet received triparanol for eight days before being transferred to the 20% wheat diet. A permeability change was clearly apparent two days after the cereal was introduced and the maximum effect was found after three days on the diet (Table 4) .
Although niacin-deficiency was previously shown to sensitise rats to dietary maize, the ability of other cereals to induce a permeability change in this condition had not been investigated. ' Niacin (Table 5) . As with the triparanol-treated rats the wheat diet produced the greatest increase and the maize diet the smallest increase in the 3H/14C ratio. Nicotinamide-treated control rats showed no effect of any of the cereals on the absorption of the labelled sugars.
Intestinal permeability defects have been reported in rats after subcutaneous injection of the cytostatic drug methotrexate, and oral administration of the detergent centrimide. 9 Gross changes in the absorption of the labelled sugars were also found after these treatments,7 but the possible influence of dietary cereal has not yet been described. In the present study methotrexate-treated rats showed decreased absorption of both [3H]-cellobiotol and [14C1-mannitol compared with non-treated controls, however, this effect was seen in rats on both the wheat diet and the non-cereal diet (Table 6) . Treatment with cetrimide, on the other hand, enhanced the absorption of both sugars but again the effect was equally apparent on both the cereal and non-cereal diets (Table 6 ). Hence, these two types of intestinal damage do not appear to sensitise the rat to dietary cereal nor do they discriminate in the absorption of the labelled sugars.
It was notable that the relative toxicity of the various cereals in triparanol-treated rats closely resembled that in humans with coeliac disease. Therefore, the possibility that gluten might be a toxic component of the cereals in the sensitised rats was investigated. Wheat gluten and maize gluten (zein) were fed to rats receiving triparanol and the labelled sugar permeability test was performed.
Both cereal proteins increased the 3H/14C ratio in urine of triparanol-treated rats (Table 7) . Like the relative potencies of whole wheat and whole maize, however, the effect of wheat gluten was much greater than that of zein. Wheat gluten was also hydrolysed enzymically first with pepsin and then with trypsinto to yield an insoluble residue at pH 4.5 (fraction VI) and a water-soluble supernatant (fraction III). Both preparations were freeze-dried, incorporated as 10% mixtures with the non-cereal diet and then fed to rats. With triparanol treatment fraction III caused a pronounced increase in the 3H/14C ratio in urine whereas fraction VI had no effect detectable by the permeability assay ( Table  7) . As with the whole cereals, gluten and the gluten fractions had no effect on intestinal permeability in rats in the absence of triparanol treatment.
The toxicity of the gluten fractions in triparanoltreated rats was comparable to their effect reported in human coeliac disease.'0 In a clinical test for Like gluten-sensitivity in coeliac disease, however, the mechanism of thd gluten action in rats is unknown. The observation that the permeability change takes 24-48 hours after exposure to wheat before becoming apparent indicates an induced modification of cell function rather than a direct change to permeability channels in the sensitised cells. Similarly, the finding that treatment with triparanol is needed for up to five days to produce maximum sensitivity suggests a gradual increase in the population of sensitised cells, with cell renewal up the villi. Although the nature of the glutenmucosal cell interaction is quite undefined, this example of gluten sensitivity in rats provides an opportunity for further experimental comparison with the similar mucosal dysfunction in man.
It must be emphasised, however, that although gluten has been shown in this study to have a noxious effect on susceptible intestinal mucosa in rats, an effect which is analogous to gluten-sensitive enteropathy in man, the severity and extent of the pathology which results is by no means comparable in the two species. In man, gluten sensitivity leads to villous atrophy, crypt hyperplasia, infiltration of the mucosa with lymphocytes and clinical signs of nutrient malabsorption. In the rat none of this histopathology is readily apparent. Thus the permeability change in the rat mucosa represents a simple consequence of gluten interaction with a sensitised mucosa. Because of this, gluten sensitivity in the rat is an animal model which could help identify a primary mechanism for enterocyte susceptibility to gluten, irrespective of species.
In previous studies of triparanol-induced enteropathy in rats one report described a sensitivity to gluten5 whereas another was unable to find this effect.6 The ready demonstration of gluten sensitivity in the present investigation therefore deserves comment. One point of difference between this and earlier studies was the use here of small (60-80 g) Norwegian hooded rats instead of large 280-350 g) Wistar rats. Although hooded rats of 230-280 g gave a clear permeability change in response to triparanol and the maize diet (results not shown), it is possible that this strain was more sensitive to the intestinal toxicity of triparanol. Nevertheless, in a small scale comparative trial of the effects of triparanol, the Wistar rats became noticeably more debilitated than the hooded rats. Moreover, while the dose rate of 50 mg triparanol/kg body weight per day, used in the previous studies was able to sensitise the intestine of the hooded rats, the standard procedure in these experiments used the more effective dose rate of 150 mg/kg body weight per day. Thus the hooded rats appeared to be more tolerant than the Wistar rats to the general toxicity of triparanol and the use of the higher dose may have enabled the gluten sensitivity to be more readily revealed. Probably the most important factor in the clear cut demonstration of the permeability response to gluten, however, was the sensitivity and repeatability of the labelled sugar absorption test. 7 Because niacin deficiency and triparanol both have independent and different biochemical effects on cell function yet both sensitise the intestinal mucosa to gluten, some response, possibily in the microvilli, appears to be common to the two stimuli. In contrast, in cytostatic villous atrophy caused by methotrexate and with detergent disruption of the epithelial cell layer by cetrimide, there is neither sensitivity to cereals nor a change in the relative 
